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Preparation of multi-layer compound microcapsules and their
application in self-healing of concrete cracks

XU Jianmiao, ZHOU Yuanyuan, CHENG Feng, LIU Zhiqiang"

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang,
China

Abstract: Concrete is widely used in building construction, civil engineering, roads, bridges,
etc., but concrete cracking remains a major issue in the engineering industry. To develop an
effective and feasible concrete repair technology, this study combined microbial and
microencapsulation technologies to prepare a multi-layer compound microcapsule using the
piercing method. The formulation and drying method of microcapsules were optimized by
taking their embedding rate and mechanical properties as evaluation criteria. The calcium
transcrystallization process of microcapsules and the crystal form of products were
characterized and compared with the calcium transcrystallization process in free cells. Finally,
the effects of microcapsule incorporation on mechanical properties, impermeability, and
self-healing performance of concrete specimens were then tested. The results showed that the
air-dried multi-layer compound microcapsules, formulated with 1.0% wet cells of Bacillus
cereus, 1.5% calcium chloride, 3.0% sodium alginate, 5.0% nutrients, 6.0% glycerol, 0.6%
chitosan, and 2.0% urea, achieved an embedding rate of 95.3%, a rupture force of 60.0 N and a
hardness of 150.8 N. These microcapsules can transform from a solid state to a flowing colloidal
state when the microorganisms inside undergo a calcium formation reaction. Both the
microcapsules and free cells produced stable calcite crystal forms of calcium carbonate through
the calcium conversion reaction, with the microcapsules producing more uniform-sized
particles, which are more conducive to accumulation in cracks, thereby enhancing the stability
of repair. When microcapsules were incorporated into the concrete specimen at a content of
0.45%, the flexural strength of the specimen increased by 17.3%, and the compressive strength
increased by 12.3%. In the water impermeability test, specimens with microcapsules
demonstrated better impermeability compensation for the cement concrete than those with free
cells. The self-healing effect of cracks proved that multi-layer compound microcapsules could
completely repair cracks up to 0.7 mm wide, and a repair rate of 95% for 0.8 mm wide cracks.
In this study, a multi-layer compound microcapsule was developed to protect microorganisms in
concrete and provide nutrients required for their growth, which provided a new idea for
microbial induced calcium carbonate precipitation in concrete crack repair.

Keywords: microbial mineralization; concrete; multi-layer microcapsules; Bacillus cereus;
self-healing; calcium transcrystallization
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Figure 2 Schematic diagram of microcapsule. SA:
Sodium alginate; E404: Calcium alginate; CS:
Chitosan; E400: Alginic acid; BC: Bacillus cereus;
PYG: Peptone; DG: Glycerol.
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Figure 3 Effect of material ratio on hardness and embedding efficiency of microcapsules. A: Sodium

alginate; B: CaCl,; C: Nutrients; D: Glycerol.
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Figure 4 Morphology of Microcapsules in SEM. A: Composite microcapsules; B: Multilayer composite
microcapsules.
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Figure 7 Changes in the total number of calcium-transcrystallized particles in microcapsules and free cells.
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Figure 8  Distribution of calcium-transcrystallized particles in microcapsules and free cells. A:
Microcapsules; B: Free cells.
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Figure 9 Morphological changes of microcapsule response. A: Intact microcapsule; B: Ruptured

microcapsule; C: Calcium-to-reaction precipitate.
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